We present VLA H I imaging data for a field in the NW of the galaxy cluster Abell 1367 (z = 0.02) in an attempt to probe the effect environment has on the interstellar medium of late-type spiral galaxies. Several galaxies, like CGCG 097-087, show pronounced tails and asymmetries, and 7 out of 10 show significant, several kpc offsets between the HI centroid and the optical. We compare our results against a sample of optically bright, late-type galaxies (spirals) across the central 1.5 Mpc of the cluster taken from the Arecibo Galaxy Environment Survey (AGES). We find that these late-type spirals are predominantly found in the northern half of the cluster, especially those that are relatively gas-rich. We calculate the H I deficiency and find that the expected global trend for the H I deficiency of these spirals to increase with projected proximity to the cluster core, seen in clusters like Coma and Virgo, is not observed. We classified the spirals into four evolutionary states, with the galaxies in each state sharing a similar degree of H I deficiency and optical colour. The common characteristics of the spirals in each evolutionary state suggests they have been subject to similar environmental processes. Many of the spirals in the most common evolutionary state (moderate H I deficiency and blue colour) have an H I intensity maximum which is displaced relative to its optical counterpart. The orientation of these offsets and magnitude of their H I deficiencies together with data from other wavelengths provide observational evidence in support of varying degrees of ram pressure stripping and tidal interaction. In general, our results indicate that the H I disks of bright late-type galaxies in the central part of the cluster are subject to both gas loss and morphological disturbance as a result of their interaction with the cluster environment. This provides further observational evidence of a more complex environment in Abell 1367 as compared to Virgo and Coma.
INTRODUCTION
For several decades it has been known that the fraction of spiral galaxies decreases when moving from a field population to a galaxy cluster core, with a corresponding increase in the fraction of early type (E+S0) galaxies; this is known as the morphologydensity relation (Dressler 1980; Oemler 1974) . Whether this relation originates during galaxy formation or is mainly the result of environment remains one of the fundamental questions in observational cosmology. While previous work (Boselli & Gavazzi 2006a; Dressler et al. 1999; Poggianti et al. 1999; Dressler 2004 , E-mail: t.c.scott@herts.ac.uk (TS) and references therein) suggests that the environment associated with clusters only plays a secondary role in producing lenticular galaxies from spirals, there is ample evidence for the effect of cluster environment on galaxy evolution, such as the observed increase in the fraction of H I-deficient spiral galaxies toward cluster cores (e.g., Boselli & Gavazzi 2006a; van Gorkom 2004, and references therein) , where the HI deficiency is defined as the log of the difference between the expected and observed H I mass (see Table 3 , table footnote h). There is strong evidence that infalling cluster galaxies encountering a hot X-ray emitting intracluster medium (ICM) for the first time experience rapid evolution as a result (Gavazzi et al. 2001b ; Sun & Murray 2002; Kenney et al. 2004; van Gorkom 2004) . In these cases the interaction removes the interstellar medium (ISM) from the galaxies (e.g., Gavazzi et al. 1995; Bravo-Alfaro et al. 2000; Solanes et al. 2001) . For infalling spirals the gas motions resulting from the interaction are expected to lead to quenching of star formation. Although modest and short timescale (10 8 years) increases in star formation are predicted in specific circumstances (Fujita & Nagashima 1999; Kronberger et al. 2008) . However the predicted ram pressure induced star formation was not observed in a study by Iglesias-Páramo et al. (2004) .
Different types of mechanisms are proposed to explain how the cluster environment impacts evolution of its constituent galaxies. The first type, which is most evident in spirals, consists of hydrodynamic mechanisms arising from gas-phase interactions between the cluster's hot ICM and a galaxy's ISM; these include ram pressure stripping (Gunn & Gott 1972) , viscous stripping (Nulsen 1982) , thermal evaporation (Cowie & Songaila 1977) and starvation (Bekki et al. 2002; Fujita & Goto 2004) . The second type is caused by gravitational effects produced either by close encounters with neighbouring galaxies (merging or tidal stripping) or by repeated high speed galaxy-galaxy encounters (harassment; Moore et al. 1996 Moore et al. , 1999 . Also in this category belongs gravitational interaction between a galaxy and the cluster potential as a whole (Bekki 1999; Natarajan et al. 2002) .
H I in spirals provides an excellent tool to investigate these mechanisms as it is sensitive to both gravitational and hydrodynamic interactions (Dickey & Gavazzi 1991) . There is conflicting evidence for and against a correlation between the fraction of H I deficient galaxies and the cluster X-ray luminosity, LX , (Boselli & Gavazzi 2006a; Giovanelli & Haynes 1985; Solanes et al. 2001) . However modelling by Tonnesen (2007) favours ICM stripping over gravitational effects as the primary cause of HI deficiency in nearby cluster spirals. Modelling of a generic spiral infalling to a cluster predicts the removal of almost all of its H I during the first transit of the cluster core as a result of hydrodynamic stripping. During the transit a combination of high ICM density and maximum orbital velocity hugely increases ram pressure stripping efficiency (Vollmer et al 2001a; Roediger & Brüggen 2007) . The few individually modelled spirals in Virgo, e.g., NGC 4522 (Kenney et al. 2004; Vollmer et al. 2008) , NGC 4569 (Boselli et al.2006b; Vollmer et al. 2004 ) and in Coma, NGC4848 (Vollmer et al. 2001b) , confirm that the ram pressure mechanism is operating. There are cases in Virgo, e.g., NGC4654 (Vollmer 2003) , NGC 4438 (Boselli et al. 2005) , NGC 4254 (Chyży 2008) and (Chung et al. 2007 ) as well as examples in other clusters (Sun & Vikhlinin 2005; Moran et al. 2007) indicating that tidal mechanisms are operating in addition to hydrodynamic mechanisms.
The issue of galaxy evolution near clusters has become richer and more complex in recent years, since modelling suggests that under the hierarchical large-scale structure formation scenario, clusters are expected to grow predominantly by accretion of groups of galaxies rather than individual galaxies (Blummenthal et al. 1984; Springel et al. 2001 , although for an alternative model see Berrier et al. 2009 ) . Infalling groups, having lower velocity dispersions than the clusters, provide opportunities for tidal interactions which may represent an important preprocessing stage in cluster galaxy evolution (Mihos 2004; Fujita & Goto 2004; Dressler 2004) . Wilman et al. (2009) report strong evidence that transformation of spirals to S0s in clusters occurs preferentially in such groups as a result of tidal interactions at z ∼0.4. Their results are based on analysis of HST-ACS images of 179 spectroscopically confirmed group and 111 field galaxies from the Canadian Network for Cosmology (CNOC2) sample. This raises the question of what processes have perpetuated the transformation of late-type galaxies to S0s since then (Fasano et al. 2000) , given in the current epoch hydrodynamic mechanisms appear to be the predominant interaction type, but the most likely mechanisms for conversion of spirals to S0s are widely thought to be tidal (Dressler 1980; Bicker et al. 2002; Wilman et al. 2009) .
In this paper we consider A 1367 which together with A 1656 (the Coma cluster) comprises the Coma supercluster. A 1367 (z=0.022) lies at the intersection of two filaments; the first extending 100 Mpc eastwards in the direction of the Virgo cluster and the second running NE toward Coma (West & Blakeslee 2000) . A 1367, with a mean velocity ≈ 6,240 km s −1 and σ ≈ 822 km s −1 , is an unrelaxed Bautz-Morgan type II-III, spiral rich, 6.9 x 10 14 M cluster (Boselli & Gavazzi 2006a ) . Based on a redshift to the cluster of 0.022 and ΩM = 0.3 , ΩΛ = 0.7 and H0 = 72 km s −1 Mpc −1 the angular scale is 1 arcmin = 24.8 kpc. A 1367 is, for several reasons, the perfect target to study environmental effects on spirals. It has a much higher fraction of spirals than its more massive neighbour Coma. X-ray observations of A 1367 carried out with ASCA, XMM-Newton (XMM) and Chandra indicate a dynamically young system with two principal sub-clusters (e.g., Donnelly et al. 1998 ). These two sub-clusters are themselves in the process of assembling from several smaller groups (Cortese et al. 2004) . This suggests that A 1367 may be more like the unrelaxed clusters at earlier epochs than the more relaxed systems typical of low redshift (Oemler et al. 1997) . Being a lower mass cluster of the kind in which Poggianti et al. (2009) report enhanced rates of morphological transformation from spirals to S0s it is potentially a location in which to test the mechanism leading to galaxy transformation suggested by Wilman et al. (2009) . Furthermore, extensive optical and radio continuum studies have been carried out for A 1367. Gavazzi, in a series of papers (Gavazzi et al. 2001a; Gavazzi & Boselli 1999; Gavazzi et al. 1995; Gavazzi & Jaffe 1987) reported several galaxies with radio continuum and Hα tails and exceptionally high star formation rates NW of the cluster centre, interpreted as arising from the interaction of galaxies with the cluster ICM. Also the recently discovered Blue Infalling Group (BIG), projected near the centre of A 1367 with a high relative velocity (Sakai et al. 2002; Gavazzi et al. 2003a; Cortese et al. 2006) , may constitute a unique laboratory for testing preprocessing theories in cluster assembly. This paper is the first stage of an investigation into the mechanisms transforming late-type galaxies in Abell 1367 which is focused on their H I content and position within the cluster. It is based on both Arecibo 1 single dish and NRAO 2 -VLA synthesis H I imaging. Despite Arecibo's modest spatial resolution of ∼3.5 arcmin, its homogeneous (in H I sensitivity) sky coverage, good sensitivity and high velocity resolution are well suited to study the global H I distribution throughout nearby clusters. But interferometers, like the VLA, provide an order of magnitude better spatial resolution, and for nearby clusters the VLA's spatial resolution is sufficient to allow the effects of environment on the H I distribution in individual galaxies to be studied.
In this paper we present the results of a VLA low/medium resolution H I spectral line study of two adjacent fields in the central and NW parts of A 1367. The H I imaging from these two fields covers a small fraction of the virial volume of the cluster.
In section 2 we give details of the VLA H I observations including data reduction. Special attention is given to the method we developed to optimise the continuum subtraction, leading to improved signal-to-noise for low brightness H I features. We report our main observational results from the VLA H I imaging of individual galaxies in section 3 and, in section 4 the distribution of H I throughout the cluster volume from the AGES data. In section 5 we discuss the implications of our data for evolutionary mechanisms in the cluster, based on the H I content and colour distributions at both large and small scales as well as on the peculiar H I morphologies shown by several galaxies. Our concluding remarks are given in section 6.
OBSERVATIONS
We used two sets of VLA H I observations both of which are well within the 104 arcmin (2.58 Mpc) virial radius of the cluster (Moss 2006) and completely within the A 1367 AGES surveyed volume (Cortese et al. 2008) . Figure 1 indicates the FWHM primary beams for both VLA pointings (large circles). The figure also shows the intensity of the X-ray emission (ROSAT) from the cluster's ICM (white contours) and the positions of the VLA H I detections (small black circles enclosing crosses). Observational parameters for both fields are listed in Table 1 , including the velocity resolution, central velocities, and the rms noise per field.
The sensitivity is non-uniform between the two VLA fields because of their differing array configurations and integration times. Additionally, for both fields, there is a sharp drop in sensitivity beyond the primary beam FWHM radius, significantly impacting the three detections in Field A furthest from the pointing centre.
VLA Field A -NW sub-cluster
Field A is centred near the NW sub-cluster (Cortese et al. 2004) , ∼10 arcmin NW of the cluster centre (position from NED between the NE and SE sub-clusters). Field A's position was chosen based on two considerations. First, the peculiar Zwicky infalling starburst galaxies CGCG 097-073, CGCG 097-079, and CGCG 097-087 were imaged within the 32 arcmin FWHM of Field A's primary beam. Second, the first null of the beam was placed near 3C264 (a strong continuum source, with a flux density of 5 Jy at 1.4 GHz) to minimise the effects of its sidelobes.
This field was observed using the VLA in D configuration on the 26th and 30th of March 1999. Total observing time for the field was 15 hours. We used correlator mode 4 which gives two independent Intermediate Frequencies (IFs), each with dual polarization (right and left-hand circular). The IFs for the first day were set so that each IF generated a position-position-velocity subcube (α, δ,velocity) with a velocity range of ∼500 km s −1 , with a small overlap between the velocity ranges. Combining the subcubes from both IFs produced a cube for the field with a velocity range of ∼1000 km s −1 . The field was re-observed on the second day using the same procedure but for a range of velocities adjacent to that observed on the first day. When combined, the subcubes from both days produced a single cube of 96 channels with a continuous velocity range from 5762 to 7810 km s −1 and a velocity width, using on-line Hanning smoothing, of 21 km s −1 per channel. The final cube's velocity range is more than twice the velocity dispersion of A 1367 (∼822 km s −1 ).
The data were calibrated and imaged following standard procedures using the AIPS software package. For Field A, selfcalibration with a single iteration was carried out to improve upon the standard complex gain calibration. This was necessary to mitigate the effects of sidelobes from 3C264. We applied different robust weighting functions in the Fourier transform (AIPS task IMAGR), looking for a compromise between sensitivity and resolution. Our final data cubes were produced with robust weighting (using ROBUST = 0) and have a resolution of about 45 arcsec. The ROBUST option corrects the weights of the visibilities in the Fourier transform for the fact that there is a much higher density of measured visibilities in the inner part of the uv-plane compared to the outer regions (Briggs 1995) . This comes at a cost of a slightly increased noise compared to using what is known as 'natural weights'. For this data set the H I mass detection threshold is ∼7×10 7 M (corresponding to 3σ over 2 consecutive 21 km sec −1 channels). The equivalent column density sensitivity for emission filling the beam is then 1.9×10 19 cm −2 .
It was found that continuum subtraction was a critical step in the data reduction. Ordinarily one would search for line-free channels in each subcube and then use, e.g. UVLIN to subtract the continuum. The problem with our observations was that there was some H I emission at some position in almost every channel. This required a more elaborate approach consisting of deriving a continuum map made up of those areas on each channel map with no line emission and averaging them. This map was subsequently subtracted from the line + continuum data to produce cubes containing only line emission. In practice this required the following procedure. First, continuum sources with peak flux density 10 mJy were modelled and removed in the uv-plane. This resulted in subcubes containing line and residual continuum sources of 10 mJy. In the second stage AIPS tasks SQASH and COMB were used to create an average of all channels from the line plus residual continuum cube in the image plane, which was subtracted from the line plus residual continuum cube. This enabled us to find line-free channels in the subcubes, although in most cases there were very few (just 1 or 2). Continuum subtraction was then improved by repeating the subtraction but only using the average of these few line free channels to produce subcubes with H I line emission only. The rms noise in these cubes was quite high because the continuum subtracted was based on very few channels. In the final stage these H I cubes were smoothed and blanked using AIPS tasks CONVL and BLANK, blanking out all areas in each channel containing line emission. These masks were in turn applied to the line + residual continuum subcubes to create, after again applying SQASH, residual continuum-only maps for each of the subcubes. These residual continuum maps were then subtracted from the original line + residual continuum subcubes, resulting in subcubes with only H I emission, but with a much reduced rms noise. The continuum subtracted subcubes were subsequently combined with MCUBE. The final cube produced in this way had a noise of ∼0.27 mJy beam −1 which increased the number of H I detections by 50 percent compared to the equivalent cube produced using UVLIN.
VLA Field B -BIG
The second set of VLA H I observations was centred on the Blue Infalling Group (Figure 1 ), overlapping slightly and located to the SE of Field A, with a central velocity of 8200 km s −1 , i.e. the mean velocity of the BIG galaxies. Archival C-array observations (correlator mode 2 with on-line Hanning smoothing) from 8 December 2002 were used to produce an image cube with 48 channels (after discarding the noisy edge channels) with a velocity width of 11 km s −1 per channel. The velocity coverage was 7913-8587 km s −1 . Our final data cube has a resolution of ∼15 arcsec. In the spatial overlap region between the two observed VLA fields, the velocity range extends from 5762 to 8587 km s −1 (except for a narrow gap at ∼7900 km s −1 ). For Field B, the equivalent H I mass detection threshold is ∼8 × 10 7 M (corresponding to 3σ in 2 consecutive 11 km s −1 channels). This is equivalent to column density sensitivity for emission filling the beam of 2.1 × 10 20 cm −2 .
3 OBSERVATIONAL RESULTS
The H I in individual galaxies: VLA observations
Nine objects were detected in Field A (NW and W sub-clusters, Cortese et al. 2004 ) and two more within Field B (BIG). Channel maps for each detected object are available in Appendix C online material. Figure 2 shows the VLA H I detections in the NW area of the cluster, and their locations relative to X-ray emission (from XMM-Newton). The XMM-Newton archive data were derived from an observation taken on 2001 Nov 22. After standard flare filtering, the exposure time was 20.6 ks for the pn and 29.9 ks for the two MOS cameras. Images in the 0.5-5.0 keV energy band were derived by combining the exposure-corrected images from all three cameras and convolving with a Gaussian. The morphological type, EW(Hα), VLA H I velocity including uncertainty, ∆VHI including uncertainty, H I mass, and offset (of the H I compared to the optical position) for the VLA detections are given in Table 2 .
The uncertainty in position for sources in the VLA fields is ∼ 4 arcsec (1.6 kpc) and 2 arcsec (0.8 kpc) for Field A and B respectively, i.e, uncertainties are ∼ 1/10th of the synthesized beam. Within a velocity integrated intensity map of an individual spiral, positional uncertainly varies depending on S/N. This means positional uncertainty within a map of a spiral is lowest in the region of velocity integrated intensity maximum. But we caution that the distribution beyond the H I intensity maximum region in spirals beyond the FWHM of the primary beam is more uncertain.
Four galaxies, CGCG 097-062, CGCG 097-068, CGCG 097-072 and CGCG 097-125, imaged with the VLA have their H I intensity maximum offset relative to their optical counterpart (final column of Table 2 ) in directions which are not radial with respect to the cluster centre, i.e. these cases are inconsistent with a simple ram pressure scenario. The direction of these offsets may arise from a tidal interaction or a more complex ram pressure scenario such as gas fall-back (see subsection 3.3 for CGCG 097-072 below).
Most of the galaxies have previously been detected in H I with Arecibo (Chincarini et al. 1983; Giovanelli & Haynes 1985; Gavazzi 1989; Springob et al. 2005 ) and/or with the VLA (Dickey & Gavazzi 1991; Hota & Saikia 2007) . None of the authors showed H I maps of their detected galaxies because of insufficient resolution or sensitivity, except Hota & Saikia (2007) who presented H I maps of the three most active starburst galaxies.
All objects in Table 2 were also detected in AGES (Table 3  and While the determination of velocity for each channels is accurate to within a few km s −1 the range of velocities detected for each galaxy depends on sensitivity. The VLA detections of CGCG 097-068, CGCG 097-072 and CGCG 097-062 are beyond the Field A primary beam, where not only is the sensitivity lower than in AGES, but the fluxes are more uncertain due to the limited knowledge of the VLA primary beam beyond the half-power radius. For example the noise at the position of CGCG 097-068 is ∼5 times greater than at the centre of the primary beam.
In the following subsections we describe the most notable fea- tures of the VLA detections. The images displayed here were produced after applying a primary beam correction. The α and δ axes of all maps are in J2000 coordinates. 3.2 The star-forming galaxies (CGCG 097-087, CGCG 097-073 and CGCG 097-079)
These three starburst galaxies have been extensively studied in the past (Gavazzi et (Table 2 ) and display spectacular radio continuum and Hα tails pointing away from the cluster centre (Gavazzi et al. 2001b; Gavazzi & Jaffe 1987) . Some observational features of these three objects have been interpreted as effects of ram pressure stripping produced by the ICM, in particular the enhanced star formation activity and the displacement of atomic hydrogen relative to their stellar disks, although in the case of CGCG 097-087 much of the enhanced star formation rate is probably attributable to a merger (Gavazzi et al. 2001a; Martig & Bournaud 2008) The H I in the central parts of these starbursts has been recently mapped by Hota & Saikia (2007) . The maps presented here, though, show additional large scale H I features as a result of our improved continuum subtraction (see Sect. 2.1).
• CGCG 097-087: The integrated H I map (Figure 4) shows the H I intensity maximum is offset by ∼30 arcsec (12 kpc) to the NW of the nucleus, confirming the H I is asymmetrically distributed, as earlier reported by Gavazzi (1989) and Dickey & Gavazzi (1991) . Higher spatial resultion and lower sensitivity H I maps have previously been presented for the inner parts of this galaxy by Hota & Saikia (2007) . The main body of the galaxy displays rotation in the velocity range ∼6500-6900 km s −1 (Fig. 5 ). We do not see the jump in velocities observed in Hα and CO (Gavazzi et al. 2001a; Boselli et al. 1994) , but this may be due to our low spatial resolution. We are not able to confirm the merger hypothesis suggested by the Hα kinematics (Gavazzi et al. 2001a et al. ; Amram et al. 2002) , but the H I velocity field has a much steeper velocity gradient SE of the nucleus, coinciding with the disturbed optical disk. We also see that the H I disk is sharply truncated, with its SE edge approximately coinciding with the edge of the optical disk. An impressive H I tail, coinciding with the radio continuum tail (Gavazzi et al. 1995) , extends at least 70 kpc to the NW of the nucleus, with an increasing offset from the plane of the optical galaxy. At the end of this tail the H I map shows a clump without an optical counterpart. The clump has a velocity width of ∼100 km s −1 .
• CGCG 097-073 and A 1367 [GP82]1292: Figure 6 shows the H I in CGCG 097-073 having a slightly asymmetric distribution, the intensity maximum being displaced ∼8 arcsec (3 kpc) to the north of the optical disk, confirming the earlier report of H I asymmetry (Dickey & Gavazzi 1991) . The H I displacement is in the same direction as the Hα and radio continuum tails (Gavazzi et al. 1995 (Gavazzi et al. , 2001b . H I does not appear truncated, which is consistent with the normal H I content (HI deficiency = 0.02). Also shown in the same figure is an H I detection at the position of the blue dwarf galaxy Abell [GP82]1292 which appears undisturbed. Given the projected distance of ∼1.9 arcmin (47 kpc) and the 11 km s −1 velocity separation between the two (perturbation 3 parameter pgg ∼ 0.004), a gravitational interaction cannot be ruled out.
• CGCG 097-079: H I has been previously detected in this galaxy (Gavazzi 1989; Dickey & Gavazzi 1991 ). Figure 7 shows the H I to be symmetrically distributed but with the intensity maximum displaced by ∼10 arcsec (4 kpc) to the NW of the optical disk, as previously reported by Gavazzi (1989) and Hota & Saikia (2007) . The H I offset is in the same direction as the Hα and radio continuum tails (Gavazzi et al. 1995 (Gavazzi et al. , 2001b .
where M gal and Mcomp are the masses of the galaxy and companion respectively, d is the separation and r is the galaxy disk radius (Byrd & Valtonen 1990 ). 3.3 Giant late-type galaxies (CGCG 097-062, CGCG 097-068, CGCG 097-072 and CGCG 097-091)
In addition to the three starbursts we were able to map four more spirals in the NW and W sub-clusters (Figure 2 ).
• CGCG 097-062: This optically asymmetric Sbc (NED) or Pec Galaxy OnLine Database Milano Network (GOLDMine 4 ), galaxy is well beyond Field A's FWHP beam, but our weak H I detection is consistent with the HI deficiency (AGES) of 0.35. Figure 8 shows the H I intensity maximum displaced ∼15 arcsec (6 kpc) to the SW of its optical counterpart, in the direction of the optical tail. CGCG 097-062, like CGCG 097-087 has a pronounced asymmetric H I spectrum (Gavazzi 1989 ).
• CGCG 097-068: Despite its position well beyond the FWHP region of the VLA's primary beam, CGCG 097-068's H I signal was sufficient to show a double-peaked VLA spectrum which approximately matches its AGES counterpart, strongly suggesting that this massive Sbc galaxy is inclined and H I rich (HI deficiency of -0.28, Table 3 ). This galaxy was tentatively reported as having its H I intensity maximum displaced north of the optical disk (Dickey & Gavazzi 1991) . The position of the VLA H I intensity maximum ∼15 arcsec (6 kpc) in projection north of the optical nucleus confirms this (Figure 9 ).
• CGCG 097-072: This Sa galaxy lies, in projection, close to the W sub-cluster galaxy density maximum (Cortese et al. 2004) . Our H I detection is weak, consistent with its high HI deficiency of 0.55 (AGES). Figure 10 shows an H I intensity maximum offset ∼12 arcsec (5 kpc) to the SE of the optical nucleus, and suggests a truncated H I disk. However, this requires further confirmation as the galaxy is beyond the FWHP beam of Field A. The high HI deficiency and anomalous direction of its H I displacement relative to that seen in nearby spirals is similar to NGC 4848 in Coma where a truncated H I disk was reported by Bravo-Alfaro et al. (2001) and further CO-imaging and numerical simulations by Vollmer et al. (2001b) revealed a case of gas fallback.
• CGCG 097-091: H I has been previously detected in this galaxy with Arecibo and the VLA (Dickey & Gavazzi 1991 ), but was not spatially resolved. The AGES HI deficiency of -0.23 shows the galaxy to be H I rich. CGCG 097-091 has the most symmetric H I morphology of our VLA detections, with a near perfect coincidence of position and velocity between the optical nucleus and the H I intensity maximum, (Tables 3 and 2 ). These characteristics together with the velocity field (Figure 11 ), which shows normal ro- tation, combine to suggest CGCG 097-91 is a normal spiral which is not interacting with its environment in any significant way.
The H I around the Blue In-falling Group (BIG)
Our VLA H I observation of the BIG (Field B) has a higher spatial resolution (∼15 arcsec ), compared to Field A (∼45 arcsec), but at significantly lower sensitivity because of the shorter integration time. The strongest detection in Field B is near the disturbed S0a galaxy CGCG 097-125 and we confirm that the H I intensity maximum is offset ∼12 arcsec (5 kpc) westward from the optical centre ( Figure 12 ). The high column density H I to which Field B is sensitive is asymmetrically distributed with its major axis running approximately SE -NW. Comparing our H I images to the earlier more sensitivity observations by Sakai et al. (2002) with the Westerbork Synthesis Radio Telescope (WSRT) indicates that BIG contains extensive diffuse H I, which our observation was not sensitive enough to detect. Comparison between our H I spectrum and AGES confirms the presence of this diffuse H I in the velocity range from 8000 to 8500 km s −1 . Further details of our observation of BIG can be found in Appendix A.
Dwarf galaxy A 1367 [GP82]1227
This isolated irregular dwarf galaxy is detected in H I, both by the VLA and in AGES, to the SW of the cluster centre in a region otherwise devoid of H I detections ( Figure 13 ). The VLA and AGES H I spectra are in good agreement and display a single narrow peak (W50 = 56 ±8 km s −1 ; Cortese et al. 2008), typical of a dwarf irregular galaxy. The VLA observations show the H I intensity maximum is offset 3 arcsec (1 kpc) to the south of its optical counterpart. Details of a low-resolution optical spectrum obtained for this galaxy can be found in Appendix B. 
H I (AGES) AND COLOUR DISTRIBUTION IN A 1367
To place our VLA observations in context we used the AGES H I survey together with SDSS data to analyse the H I content and colour of bright late-type galaxies throughout the central volume of the cluster (including the VLA fields). with a mass sensitivity limit of 6 × 10 8 M of H I over a velocity W50 = 200 km s −1 . Positional uncertainties for the detections are estimated to be ∼18 arcsec (∼7 kpc). The observations were made in drift scan mode providing a consistent flux limited H I detection threshold throughout the AGES volume. The observations and data reduction process is described in Auld et al. (2006) . More details on this survey are given in Cortese et al. (2008) .
In the field, significant amounts of H I are expected to be present in the disks of both spiral and dwarf galaxies. In the case of spirals the amount of H I can be approximately related to the optical disk diameter and the galaxy's morphological type (Haynes & Giovanelli 1984; Solanes et al. 1996 ), but for dwarfs the H I mass fraction is both larger and more uncertain. The AGES detection limit implies that spiral galaxies in A 1367 with an optical disk diameter < 0.37 arcmin (∼9 kpc) would not be detected in AGES (Solanes et al. 1996; Cortese et al. 2008) . Galaxies with disk diameters below this limit are almost certainly dwarfs, so that AGES is essentially only sensitive to H I in late-type spiral galaxies of A 1367. However two dwarf galaxies were detected within our sampled volume, showing that AGES includes galaxies from the high end of the dwarf H I mass function.
AGES allows us to investigate the H I deficiency of A 1367's spirals, down to its sensitivity limit, by comparing their expected H I content with actual AGES determined H I content. To do this a catalogue of A 1367's brightest spiral members was compiled, with the following criteria. We intially selected late-type galaxies with an SDSS g-band magnitude < 15.5 within the sampled volume, i.e., 1 square degree surrounding the NW sub-cluster core in the velocity range 4000-9000 km s −1 , (approximately six times the velocity dispersion of the cluster). Only those objects with an optical disk diameter > 0.37 arcsec from GOLDMine (Gavazzi et al. 2003b) or, if unavailable, from the NASA Extragalactic Database (NED), were selected. For the selected late-type galaxies we determined their HI deficiency by comparing expected and observed H I content using the method of Haynes & Giovanelli (1984) . Hubble type was taken from GOLDMine or, if unavailable, from NED. We selected all galaxies with Hubble type later than S0. The only exception, CGCG 097-125, an S0a, was included because of its unusually large H I mass.
Applying these criteria we found the 26 bright late-type galaxies listed in Table 3 which gives details of their SDSS g band magnitude and g-i colour, optical diameter from GOLDMine/NED, H I-mass based on AGES flux, HI deficiency (or lower limit for AGES non-detections) based on AGES flux calculated using the method from Haynes & Giovanelli (1984) and parameters from Solanes et al. (1996) , and separation parameters for galaxies with a close companion. A g-i colour of 1.1 approximately coincides with the red sequence threshold displayed in the colour-magnitude plot in Figure 12 of Cortese et al. (2008) . For our sample, those galaxies with g-i colour < 1.1 are referred to throughout the paper as blue galaxies and the rest referred to as red galaxies. Figure 14 shows the optical positions of the 26 spirals (red and blue symbols) and the positions of the 18 AGES H I detections (white circles). In the figure the positions of the 16 selected galaxies with blue SDSS g-i colours are indicated with blue symbols and the 10 with red SDSS g-i colours with red symbols. Figure 14 also indicates the distribution of ICM gas in the cluster based on ROSAT X-ray observations (black contours).
A shift in position in Fig. 14 between an AGES H I detection (white circle) relative to its respective optical position (red and ROSAT X-ray intensities (black contours) are overlaid on an SDSS i-band image. Details for the galaxy identifiers are given in note (a) of Table 3. blue symbols) is an indication of a real displacement when the offset exceeds 18 arcsec (7 kpc), the uncertainty in the AGES positions. This is only the case for CGCG 097-087 and CGCG 127-032. However the much higher pointing accuracy of the VLA, ∼4 arcsec (1.6 kpc), reveals that CGCG 097-062, CGCG 097-068, CGCG 097-072, CGCG 097-073, CGCG 097-079, CGCG 097-087 and CGCG 097-125 all have H I intensity maxima offsets relative to their optical counterparts larger than 3 σ. In all cases the offset direction is consistent with that from the higher uncertainty AGES data. The projected magnitude and direction of the VLA offsets given in Table 2 is consistent with that expected for spirals on radial orbits experiencing ram pressure stripping, except CGCG 097-062, CGCG 097-068, CGCG 097-072 where the offset direction is not radially with respect to the cluster centre.
The four AGES detections in Figure 14 without a selected late-type galaxy counterpart are the S0 galaxy CGCG 127-032, the two dwarfs, [GP82] 1227 and [BO85] 079, and an AGES detection to the NE of CGCG 097-068. CGCG 097-119 was not detected in the AGES survey because of its proximity to 3C264 Oemler (1985) , with the suffixes indicating the NED pair identifier. b Optical galaxy positions ex SDSS DR6 c from NED d ex SDSS DR6 e ex SDSS DR6 f ex GOLDMine except CGCG 097-111 and [BO85]074 which are taken from NED g ex GOLDMine except [BO85]074 which is taken from NED h HI deficiency is calculated using the method of Haynes & Giovanelli (1984) and the parameters from Solanes et al. (1996) , using total H I flux measurements from AGES and galaxy diameters equal to the major axis diameter from GOLDMine (except [BO85]074 which is taken from NED). For 97-079 the mass was calculated from our VLA total flux because the AGES flux was affected by RFI. For AGES non-detections, the HI deficiency lower limit was calculated using the AGES detection limit of 6 x 10 8 M . No HI deficiency could be calculated for CGCG 097-119 because flux from this galaxy was confused in the AGES beam with 3C264. The calculated H I deficiencies are highly uncertain because of the intrinsic spread in H I properties of individual spirals and we adopt an uncertainty of ± 0.3 dex throughout this paper. i A galaxy is considered to be a likely companion if its separation is 2 arcmin, the velocity difference is 500 km s −1
and the companion has a diameter 0.5 arcmin. j Evolutionary state described in section 5.3
and is therefore not included in our analysis.
DISCUSSION
The projected distribution, colour, H I content and velocities of the selected spirals throughout the sampled volume on large and small scales provides information on the recent history of the cluster as well as clues to the mechanisms impacting the galaxies' ISM. In the following subsections we consider the global H I properties, the role of ram pressure stripping attributable to the NW subcluster ICM and the evolutionary state of the spirals.
Global H I properties
Considered on a scale of several megaparsecs the pattern of H I deficiencies projected in RA for Coma and A 1367 in Figure 2 of Gavazzi (1989) show striking differences. From their figure it is clear that with few exceptions the Coma spirals across the central ∼5 • of cluster are significantly H I deficient (> 0.3). In contrast for A 1367 the significantly H I deficient spirals are found in a more narrow range of projected RA (∼1
• ) and even at its centre a majority of the spirals are not deficient (H I deficiencies < 0.3) Within our sampled volume for A 1367 (∼ central 1.5 Mpc) the bright spirals, irrespective of H I content, are found preferentially projected onto the northern half (Figure 14) , with the AGES detections (white circles in Figure 14 ) highly concentrated in a band running roughly E-W between declinations of 19
• 55 to 20
• 15 .
As an initial step to understand the global H I properties in the sampled volume we plotted, in Figure 15 , the HI deficiency of all the selected late-type galaxies as a function of projected distance from the cluster centre, with lower limits for H I non-detections, and BIG members confused in the AGES beam. The plot shows that the mean HI deficiency of the selected galaxies is appreciably greater than in the field indicating that the cluster environment has impacted the ISM of a significant fraction of them. However, unlike Coma where a clear increase in HI deficiency is seen within a radius of ∼1 Mpc of the core (Bravo-Alfaro et al. 2000) , there is no obvious correlation between HI deficiency and projected proximity to the cluster core. It should be noted, though, that the two interacting major sub-clusters revealed by the X-ray observations (see Fig. 1 ) complicate the investigation of any correlation between the cluster's ICM density and HI deficiency and in section 5.2 we try to address the effects which are specific to the NW sub-cluster.
Ram pressure stripping by the NW subcluster ICM
We are interested to know if the observed H I deficiencies can be explained in terms of ram pressure stripping. In order to quantify the role of this mechanism around the NW sub-cluster, we car- ried out a simple estimate of the strength of ram pressure as a function of radius from the NW sub-cluster ICM core. The ICM density (ρICM) distribution was estimated using the hydrostaticisothermal β-model of Cavaliere & Fusco-Femiano (1976) with the gas profile parameters from Donnelly et al. (1998) . Ram pressure values were derived from Gunn & Gott's (1972) 
rel , where ρICM is the density of the ICM at the galaxy position and v rel is the galaxy's velocity relative to the ICM. We have no information about v rel for the selected galaxies, although we consider a galaxy's radial velocity, relative to the cluster systemic velocity, as a lower limit for v rel .
The results of this modelling of Pram as a function of proximity to the NW core for four different values of v rel , up to 2000 km s −1 (approximately the radial velocity difference of the BIG), are shown in Figure 16 . A spiral near the NW sub-cluster is expected to suffer ram pressure stripping if Pram values exceed the restoring force of the galaxy's stellar and gas disks, at the gas disk's periphery, defined as Fr = 2π G σ stellar σgas. The threshold ram pressure required to remove H I from the outer edge of the disk can be estimated from the typical value for the restoring force per unit area of Fr = 2 × 10 −12 dyn cm −2 , obtained by Cayatte et al. (1994) for spiral galaxies in Virgo (dashed line in Figure 16 ). The crossing time for the cluster is 1.7 Gyr (Boselli & Gavazzii 2006a) making it likely that spirals within the central Mpc have been subject to ram pressure over periods of several times 10 will result in only minor stripping of H I, pressures of 10 −11 dyn cm −2 will cause significant stripping, while 10 −10 dyn cm −2 will almost completely remove the H I. Massive galaxies are expected to suffer proportionately less H I removal, and less massive galaxies proportionately more.
The implication of Figure 16 and the Roediger & Brüggen (2007) models is that any galaxy with v rel 1000 km s −1 anywhere within a radius of 1 Mpc of the NW sub-cluster will undergo weak to moderate ram pressure stripping. But removal of large fractions of H I, i.e. Pram 10 −11 dyn cm −2 , would require a transit Galaxies with only upper error bars (arrowheads) are AGES non-detections so the value is the lower limit for HI deficiency. The region between the horizontal lines approximates the range expected in the field population.
of the high density ICM within ∼ 0.75 Mpc of the cluster centre at a velocity in excess of 1500 km s −1 or transit within ∼ 0.25 Mpc of the core at 1000 km s −1 . To test the model predictions we selected the 14 spirals from our sample which were potentially suffering ram pressure stripping solely attributable to the ICM of the NW sub-cluster. Virtually all of these galaxies have radial velocities relative to the cluster of 500 km s −1 and it seems reasonable to assume that most, if not all, are suffering ram pressure stripping of varying strengths given they are at projected radii of 0.8 Mpc. Figure 17 shows a plot of HI deficiency against distance for these galaxies and, interestingly, only a modest increase in HI deficiency is seen when compared with the field. Furthermore, no correlation is seen with proximity to the NW sub-cluster ICM core. This observational result suggests that ram pressure stripping associated with the NW sub-cluster ICM core is relatively weak. The presence of undisrurbed H I in CGCG 097-073's dwarf companion projected close to the NW-ICM core provides additional support to this statement.
Although the limited evidence for ram pressure stripping is broadly consistent with the expected ram pressure at the projected distances to the the NW sub-cluster core (Figure 16 ), the lack of correlation with radial distance from the core may imply that galaxies seen in projection to be located close to the core are in reality spread over a considerable distance. In the case of CGCG 097-068, a tidal interaction cannot be ruled out as an explanation of the observed H I characteristics.
Evolutionary states of the spirals
The colour and H I deficiency of a spiral are both properties indicative of its evolutionary state. In Figure 18 we distinguish four broad evolutionary states (A-D). We classify the highly H I deficient galaxies (HI deficiency lower limit of 0.7 ) as state D spirals. The spirals with moderate or no HI deficiency (i.e., HI defi- ciency 0.7) are classified into three states (A, B and C) based on their SDSS g-i colour. C state spirals are red as defined in section 4 (i.e., g − i 1.1). The remaining blue spirals with moderate or no HI deficiency were classified as state A if their SDSS g-i colour was <0.76 (the colour of the bluest type of late-type field spirals from Durbala et al. (2008) , their Table 3 ) and state B for those with 0.76 g-i <1.1. Table 4 summarises the parameters used to determine the evolutionary state of each spiral and the symbols used for them throughout the paper. The evolutionary state determined for each spiral is shown for convenience in the final column of Table 3 . CGCG 097-125 and CGCG 097-114 have been excluded from the analysis because their evolution is likely to have been dominated by membership of the BIG compact group rather than the cluster.
While the choice of boundaries of our states could be debated, it is clear that the cluster contains spirals at significantly different stages of evolution, with the spirals in each state appearing to have reached a broadly similar evolutionary stage, probably as a result of sharing or passing through a common environment.
The discussion below is focused on the more evolved State C and D spirals where the impacts of the cluster environment are more pronounced. In contrast spirals with less evolved states A and B are probably at earlier stages of their interactions and consequently show milder impacts, although a key question remains to be addressed, i.e. the mechanism(s) triggering the starbusts (state A).
The H I deficiencies of AGES detected state C spirals are modest compared to lower limits for the state D spirals, suggesting that they have not passed through the cluster's highest density ICM. The state C spirals include 2 of the 3 potentially interacting pairs, where the companion is projected within 2 arcmin (∼50 kpc), has a velocity within 500 km s −1 and both galaxies are 0.5 arcmin (∼12 kpc) in diameter (Table 3) . The perturbation parameters, pgg, for the state C pairs are ∼ 8.7 (CGCG 097-102), and ∼ 1.8 (CGCG 097-111) significantly above the value where the ISM is showing that tidal interactions, if important, could be affecting spirals in more than one evolutionary state. The high rate of disturbance in the optical morphology in this region suggests the spirals are subject to strong interactions possibly related to their location at the intersection of the NW sub-cluster and the filament oriented toward the Coma cluster.
The state D spirals all have a red colour, except CGCG 097-093 which is exceptionally blue (g-i = 0.42) and has a disturbed stellar disk. The observed red colours and high HI deficiency are both expected results of a spiral making a transit through a high density ICM core. An example of this is found in Virgo, i.e. the galaxy NGC4568 (Boselli & Gavazzi 2006a) . The calculations for the NW sub-cluster (section 5.2) suggests that a core transit would be required to cause the H I deficiencies observed in the state D spirals under the ram pressure stripping scenario, although the ICM core transited may have been the SE subcluster. The tendency for the state D spirals further from the cluster centre to be redder and have higher velocities may be indicating that these spirals are a population of backsplash galaxies (Ellingson 2004) , which were ram pressure stripped as they passed through the SE sub-cluster ICM core with a significant velocity component directed to the west.
CONCLUDING REMARKS
We have presented medium-resolution VLA data for a field located to the NW of A 1367's centre, and some higher-resolution, but less sensitive, VLA data for a field containing BIG. By using a catalogue of the brightest late-type members of the cluster, combining AGES and SDSS data, we have identified four evolutionary states with shared characteristics in terms of their combination of H I content and colour.
The overall picture from the HI deficiencies as a function of radial distance and calculations of ram pressure for the NW cluster (section 5.2) are both consistent with moderate levels of ram pressure stripping. However the presence of spirals with a range of evolutionary states in projected and velocity space, particularly the spirals with more advanced evolutionary states (state C and D spirals), suggests an evolutionary process or processes operating on relatively local scales.
Consideration of the membership of the evolutionary states and individual spirals presents mixed, and some times contradictory, indicators of varying reliability for the dominant ISM removal process(es). The lack of correlation between HI deficiency and proximity to the NW sub-cluster core for the spirals likely to be affected by it, the presence of starbusts, the presence of galaxies with H I offset directions inconsistent with ram pressure, together with the elevated number of morphologically disturbed red and moderately H I deficient spirals (state C) possibly linked to interactions during infall, all suggest tidal effects. On the other hand the presence of the highly H I deficient (state D) spirals and the possible case of gas falling back into the galaxy's potential following an ISM core transit (CGCG 097-072) support the ram pressure stripping model. While the analysis above hints that different ISM removal mechanisms may be active in this cluster further observations are required to discriminate between the hydrodynamic and tidal mechanisms. If anything, this paper shows that the picture in Abell 1367 is somewhat confusing, probably the result of it being less evolved than Coma and Virgo. tributions directly funded by ESA Member States and the USA (NASA). Figure B1 ). The observation was carried out with the 2.12-m telescope at the San Pedro Mártir Observatory (SPM) in Mexico, using a Boller & Chivens spectrograph, a 600 l/mm grating and a 2K Thomson CCD. This configuration gave a dispersion of 1.3Å per pixel. The slit was placed in an East-West direction passing through the central region of the galaxy. Four 20 minute exposures were taken and the spectra were averaged after cosmic ray cleaning, extraction and wavelength calibration. A wavelength solution using about 30 He+Ar+Ne lamp lines, gave an uncertainly of ∼0.18Å rms. Sky transparency was good, with the seeing slightly above 1 arcsec. Due to the faintness of the galaxy, the signal to noise obtained was only about 5 in the range 5500 -6500Å.
The [NII] is barely visible in the spectrum) putting this galaxy completely in the locus of star forming galaxies in a BPT diagram (Baldwin et al. 1981) . It was not possible to resolve the Hα regions individually with the SPM 2.12m.
APPENDIX C: CHANNEL MAPS OF THE VLA DETECTIONS
The channel maps for all VLA detections are available as supplementary online material. Below as an example of the online material are the channel maps for CGCG 097-079. 
